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PRIORITY INFORMATION 

5 This application claims priority under 35 U.S.C. §1 19(e) from US Provisional 

Patent Application, Serial Number 60/438,699, filed on January 8, 2003. The entire 
content of US Provisional Patent Application, Serial Number 60/438,699, is hereby 
incorporated by reference. 

10 FIELD OF THE PRESENT INVENTION 

The present invention relates to imaging devices and, in particular, to 
complementary metal-oxide semiconductor (CMOS) image sensors using variable-type 
reset pulses to substantially eliminate image lag and significantly reduce reset noise. 

15 BACKGROUND OF THE PRESENT INVENTION 

Conventionally, a CMOS imager pixel includes a phototransistor or photodiode 
operating as a light-detecting element. In operation, e.g., the pixel photodiode is first 
reset to a reset voltage that places an electronic charge across the capacitance associated 
with the photodiode. Electronic charge produced by the photodiode when exposed to 
- 20 illumination then causes charge of the photodiode capacitance to dissipate in proportion 
to the incident illumination intensity. At the end of an exposure period, the change in 
photodiode capacitance charge is detected and the photodiode is reset again. The amount 
of light detected by the photodiode is computed as the difference between the reset 
voltage and the voltage corresponding to the final capacitance charge. 

25 Referring to Figure 1, the operation of a prior art pixel 10 is described. Figure 1 

shows the schematic diagram of a standard active pixel. A photodiode 11 produces a 
current proportional to the incident light intensity. The resulting photo current is 
integrated on a charge-sensing capacitor 13. The charge-sensing capacitor 13 is typically 
reverse-biased PN junction capacitance associated with the photodiode 11 and other 

30 parasitic, capacitance. 
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A MOS transistor 15 operates as a source-follower that buffers the voltage on the 
capacitor 13 nondestructively to a column line 23. A row select MOS switch 17 activates 
the source-follower transistor 15 when the particular row is selected by connecting the 
column current source 25 to the source of the source-follower transistor 15. 
5 There are two primary ways to reset an active pixel, using a "soft" reset or using a 

"hard" reset. When using a "soft" reset, the voltage at the gate 21 of the reset transistor 
19 is raised to a voltage that is no higher than the threshold voltage of the reset transistor, 
Vrtth, above the drain voltage of the reset transistor, typically at V D d- Generally, the 
voltage at the gate 19 is raised to the same potential as its drain voltage, Vdd- 

10 As the capacitor 13 is charged by the current from the reset transistor 19, the 

voltage at the sense node 27 increases, decreasing the gate-to-source voltage of the reset 
transistor 19. This in turn decreases the current from the reset transistor 19, and the rate 
of voltage rise at the sense node 27 decreases. As the gate-to-source voltage of the reset 
transistor 19 approaches its threshold voltage Vrtth of reset transistor 19, the current 

15 through the reset transistor 19 becomes extremely low, and the voltage at the sense node 
27 rises very slowly. The voltage at the sense node 27 approaches approximately (Vdd- 
Vrtth) but it never reaches a steady state because the rate of the voltage change becomes 
ever so slower. Then, the voltage at the gate 21 is lowered typically to ground, 
completing the reset process. At this time, the sense node 27 is reset to approximately 

20 (Vdd-Vrtth). 

In hard reset, the gate voltage of the reset transistor 19 is raised to a -voltage 
greater than the drain voltage of the reset transistor by at least Vrtth. Typically, the gate 
voltage of reset transistor 19 is raised to V D d while the drain voltage of the reset transistor 
is maintained at a reset voltage Vreset that is lower than (Vdd- Vrtth). This drives the 

25 reset transistor 19 into the triode region, thereby causing it to behave like a resistor. 

The reset transistor 19 and the sense capacitor 13 behave like an RC circuit, and 
the sense node voltage approaches Vreset with an RC time constant, x = RonC, where 
Ron is the ON resistance of the reset transistor 19 and C is the value of the. sense 
capacitor 13. Since, the sense capacitance is on the order of a few femtofarads and the ON 

30 resistance is a.- few tens of kohms, the time constant is- on the* order of only a;nanosecond. 
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Thus, the sense node typically reaches the full steady-state value Vreset within a 
few nanoseconds, which is much shorter than typical reset period of many microseconds. 
Then, the voltage at the gate 21 is lowered typically to ground, completing the reset 
process. At this time, the sense node 27 is reset to approximately Vreset- 
5 It is well known that by using a "soft" reset, one can realize a lower reset noise, by 

a factor of 4l , compared to when using a "hard" reset. Thus, it is desirable from signal- 
to-noise ratio and sensitivity point of view to use a "soft" reset. However, since the sense 
node never reaches a steady state value, the voltage of the sense node is actually reset to 
different voltages depending on the initial condition on the sense node. This leads to 
10 substantial image lag. Even with popular double sampling method, a significant amount 
of image lag remains, which gives a blurry picture of moving objects. 

Furthermore, it is well known that by using a "hard" reset, one can substantially 
eliminate the image lag because the voltage to which the pixel is reset is always V RESEr . 

However, the disadvantage of using a "hard" reset is that higher reset noise is realized. 
15 Therefore it is desirable to provide a imaging reset methodology and/or circuitry 

for an imager that provide a resetting capability, wherein reset noise is significantly 
reduced, image lag is substantially eliminated, a desirable signal-to-noise ratio is realized, 
and/or the imager realizes a desirable sensitivity. 

20 SUMMARY OF THE PRESENT INVENTION 

A first aspect of the present invention is a circuit for a pixel site in an imaging 
array. The circuit includes a light-detecting element to convert incident light to an 
electrical signal; a reset transistor, operatively connected to the light-detecting element, to 
reset a voltage associated with the light-detecting element; and a reset voltage generator, 

25 operatively connected to a non-gate terminal of the reset transistor, to generate a reset 
voltage. The reset voltage generator generates a first voltage and generates a second 
voltage after generating the first voltage. 

A second aspect of the present invention is a circuit for a pixel site in an imaging 
array. The circuit includes a light-detecting element to convert incident light to an 

30 electrical signal; a.reset transistor,. operatively connected.to the light-detecting element,. to 



reset a voltage associated with the light-detecting element; and a reset voltage generator, 
operatively connected to a non-gate terminal of the reset transistor, to generate signals. 
The reset voltage generator generates a first signal to cause the reset transistor to hard 
reset the voltage associated with the light-detecting element. The reset voltage generator 
5 generates a second signal after generating the first signal, the generation of the second 
signal causing the reset transistor to soft reset the voltage associated with the light- 
detecting element. 

A third aspect of the present invention is an imager. The imager includes a two- 
dimensional array of light-detecting elements; a plurality of reset transistors, each reset 

10 transistor operatively connected to a corresponding light-detecting element, to reset a 
voltage associated with the light-detecting element; and a reset voltage generator, 
operatively connected to non-gate terminals of the reset transistors, to generate signals. 
The reset voltage generator generates a first signal to cause each reset transistor to hard 
reset the voltage associated with the corresponding light-detecting element. The reset 

15 voltage generator generates a second signal after generating the first signal, the generation 
of the second signal causing each reset transistor to soft reset the voltage associated with 
the corresponding light-detecting element. 

A fourth aspect of the present invention is an imager. The imager includes a two- 
dimensional array of light-detecting elements; a plurality of reset transistors, each reset 

20 transistor operatively connected to a corresponding light-detecting element, to reset a 
voltage associated with the light-detecting element; and a reset voltage generator, 
operatively connected to non-gate terminals of the reset transistors, to generate signals. 
The reset voltage -generator generates a first voltage and a second voltage after generating 
the first voltage. 

25 A fifth aspect of the present invention is a method of resetting a light-detecting 

element associated with a pixel site in an imaging array. The method generates a first 
voltage to reset a voltage associated with the light-detecting element and generates a 
second voltage after generating the first voltage to reset the voltage associated with the 
light-detecting element, the second voltage being different in value from the first voltage. 
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A sixth aspect of the present invention is a method of resetting a light-detecting 
element associated with a pixel site in an imaging array. The method generates a hard 
reset of a voltage associated with the light-detecting element to reset the voltage 
associated with the light-detecting element and generates a soft reset of the voltage 
5 associated with the light-detecting element, after generating the hard reset, to reset the 
voltage associated with the light-detecting element. 

A seventh aspect of the present invention is a circuit for a pixel site in an imaging 
array. The circuit includes a pixel to convert incident light to an electrical signal; a 
column line to read out a voltage from the pixel; a column line transistor, operatively 

10 connected between one end of the column line and a predetermined voltage, to hard reset 
a voltage associated with the column line; and a reset voltage generator, operatively 
connected to the column line transistor, to generate column line reset pulses. The reset 
voltage generator generates a first reset pulse at a beginning of an integration period of 
the pixel. The reset voltage generator generates a second reset pulse after generating the 

1 5 first reset pulse, the generation of the second reset pulse being at an end of the integration 
period of the pixel. 

Another aspect of the present invention is a method for measuring a pixel voltage 
using a column line. The method hard resets the column line voltage to a first 
predetermined voltage; soft resets the column line voltage to a first pixel voltage; hard 

20 resets the column line voltage to a second predetermined voltage; soft resets the column 
line voltage to a second pixel voltage; and determines a difference between the first and 
second pixel voltages, the difference being the measured pixel voltage. 

A further aspect of the present invention is a method for measuring a pixel voltage 
using a column line, the column line including a column line transistor. The method 

25 turns ON the column line transistor to bring the column line to a first predetermined 
voltage level; turns ON a row select transistor associated with the pixel and turning OFF 
column line transistor to bring the column line voltage up to a pixel voltage level; 
captures a- first voltage value on the column line; turns ON the column line transistor to 
bring the column line to a. second predetermined, voltage level; turns ON a row select 

30 transistor associated, with the pixel and turning OFF column line transistor to bring the 
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column line voltage up to a pixel voltage level; captures a second voltage value on the 
column line; and determines a difference between the first and second captured voltage 
values, the difference being the measured pixel voltage. 

Another aspect of the present invention is a circuit for a pixel site in an imaging 

5 array. The circuit includes a pixel to convert incident light to an electrical signal; a row 
line to read out a voltage from the pixel; a row line transistor, operatively connected 
between one end of the row line and a predetermined voltage, to reset a voltage associated 
with the row line; and a reset voltage generator, operatively connected to the row line 
transistor, to generate reset pulses. The reset voltage generator generates a first reset 

10 pulse at a beginning of an integration period of the pixel. The reset voltage generator 
generates a second reset pulse after generating the first reset pulse, the generation of the 
second reset pulse being at an end of the integration period of the pixel. 

A farther aspect of the present invention is a method for measuring a pixel voltage 
using a row line. The method hard resets the row line voltage to a first predetermined 

15 voltage; soft resets the row line voltage to a first pixel voltage; hard resets the row line 
voltage to a second predetermined voltage; soft resets the row line voltage to a second 
pixel voltage; and determines a difference between the first and second pixel voltages, the 
difference being the measured pixel voltage. 

Another aspect of the present invention is a method for measuring a pixel voltage 

20 using a row line, the row line including a row line transistor. The method turns ON the 
row line transistor to bring the row line to a first predetermined voltage level; turns ON a 
column select transistor associated with the pixel and turning OFF row line transistor to 
bring the row line voltage up to a pixel voltage level; captures a first voltage value on the 
row line; turns ON the row line transistor to bring the row line to a second predetermined 

25 voltage level; turns ON a column select transistor associated with the pixel and turning 
OFF row line transistor to bring the row line voltage up to a pixel voltage level; captures 
a second voltage value on the row line; and determines a difference between the first and 
second captured voltage values, the difference being the measured pixel voltage. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



The present invention may take form in various components and arrangements of 
components, and in various steps and arrangements of steps. The drawings are only for 
purposes of illustrating a preferred embodiment and are not to be construed as limiting 
5 the present invention, wherein: 

Figure 1 is a schematic circuit diagram of a prior art pixel; 

Figure 2 is a schematic diagram of one embodiment of a pixel circuit in 
accordance with the concepts of present invention; 

Figures 3 and 4 are timing diagrams for reset signals used to reset :a pixel in 
10 accordance with the concepts of present invention; 

Figure 5 is a timing diagram for reset signals used to reset multiple rows of pixels 
in accordance with the concepts of present invention 

Figure 6 is a schematic diagram of another embodiment of a pixel circuit in 
accordance with the concepts of present invention 
15 Figure 7 is a schematic diagram of one embodiment of a column sense circuit in 

accordance with the concepts of present invention; and 

Figure 8 is a flowchart illustrating source-follower column line reset according to 
the concepts of the present invention. 

20 DETAIL DESCRIPTION OF THE PRESENT INVENTION 

The present invention will be described in connection with preferred 
embodiments; however, it will be understood that there is no intent to limit the present 
invention to the embodiments described herein. On the contrary, the intent is to cover all 
alternatives, modifications, and equivalents as may be included within the spirit and 
25 scope of the present invention, as defined by the appended claims. 

For a general understanding of the present invention, reference is made to the 
drawings. In the drawings, like reference have been used throughout to designate 
identical or equivalent elements. It is also noted that the various drawings illustrating the 
present invention are not drawn to scale and that certain regions have been purposely 
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drawn disproportionately so that the features and concepts of the present invention could 
be properly illustrated. 

Referring to Figure 2, the operation of a CMOS active pixel 40 in accordance with 
the concepts of the present invention will be described. The illustrated pixel 
5 configuration of Figure 2 employs a photodiode 11, but it is to be recognized that in 
general, the pixel can include other light collecting configurations, embodied as, e.g., a 
phototransistor, a photogate, or other selected configuration. In the illustrated example, a 
photodiode 11 of the pixel 40 produces a current of photogenerated electrical charge in 
response to illumination intensity incident on the photodiode. The resulting photocurrent 

10 causes charge associated with a capacitor 13 of the photodiode 11 to dissipate in 
proportion to the incident illumination intensity. As an electrical element, the photodiode 
capacitor 13 physically is provided as the parasitic reverse-biased P-N junction 
capacitance associated with the photodiode itself and other parasitic capacitance. 

A MOS transistor 15 operates as a source-follower that buffers the voltage of the 

15 photodiode capacitor 13, at a sense node 27 of the capacitor, nondestructively to a column 
line 23 for read out of the pixel voltage. A row select MOS switch 17 activates the 
source-follower transistor 15 when the particular row of an imager in which the pixel 
resides is selected, thereby enabling the photodiode capacitance voltage measurement. 

When the row select MOS switch 17 of the row is turned ON, and a current 

20 source 25 is connected to the source of the MOS transistor 15, the MOS transistor 15 and 
the current source 25 operate as a source-follower configuration to buffer the voltage of 
the photodiode capacitor sense node 27 to the column line 23 for determining the 
capacitor voltage- at the end of an exposure period, thereby measuring the electronic 
charge held by the pixel. The reset node 29, typically fixed at V DD in prior art imagers 

25 with soft reset, or V RESBT in prior art imagers with hard reset, is operatively connected to a 
reset voltage generator 290, which alternatively generates a voltage between V DD and 
Preset > as w ^ ^ e described in more detail below. 

The operation of the active pixel in accordance with the present invention is 
similar to that of the prior art pixel, but is different, in the reset process. Prior to an 

30 integration period, the. pixel photodiode: is- first 'reset 5 . When' the- pixel is- reset; the 
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voltage at the gate 21 of the reset transistor 19 is raised to a 'high' value that is typically 
V DD . Also, the voltage generated by reset voltage generator 290 and applied at reset node 
29 is set first at the reset voltage V RESET , typically at least V THX9 below the voltage at the 
gate 21 of the transistor 19, where V THX9 is the threshold voltage of the reset transistor 19. 
5 Setting the voltage, through the reset voltage generator 290, at reset node 29 to the 

reset voltage V RESET drives the reset transistor 19 into the triode region of operation for 

the hard reset of the sense node 27 to V^set • Tlie hard reset erases any possible image 
lag effect. However, it introduces significant reset noise into the circuit. 

In order to overcome the introduced reset noise and the smaller pixel voltage 
10 range associated with a hard reset, the pixel is then soft reset, immediately after the hard 
reset. For the soft reset, the voltage generated by reset voltage generator 290 and applied 
at reset node 29 is raised to a higher voltage, typically V DD , and the pixel is allowed to 
soft reset to approximately V DD - V THX9 . 

The voltage at the gate of the reset transistor 19 returns to a low level, typically 
15 ground, at the end of the reset period. The voltage waveform at the gate of reset transistor 
19 may drop abruptly to the low level, or may follow a prescribed function that controls 
the transfer function of the pixel. The waveform of the voltage signal, V R (t) , applied at 
the gate of the reset transistor 19 and the voltage signal V 29 (t) from the voltage generated 
by reset voltage generator 290 and applied to reset node 29 are shown by the voltage 
20 timing diagram of Figure 3. For simplicity, the voltage V R {t) is shown to return to a low 
level abruptly at times D and J. 

As stated previously, the voltage V R (t) may follow a prescribed function for the 
control of the pixel transfer function. The period, immediately following the soft reset 
until the initiation of the next reset, is referred to as an integration period. During the 
25 integration period, the photo current is integrated on the sense capacitor 13, causing the 
pixel voltage to descend. The rate of descent is proportional to the incident light 
intensity. 
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Therefore, by measuring the voltage at the sense node at reset and at the end of the 
integration period and then determining the voltage difference, the light intensity incident 
upon the pixel can be measured through the determined voltage difference. 

The reset level can be measured at either time C or time E and the integrated 
5 value can be measured at time F 5 a short time before the initiation of the next reset at time 
G. In most CMOS imagers, the reset value corresponding to the next frame, at time I or 
K, is measured instead of the value, at time C or E, in order to minimize the hardware 
complexity. 

When a shorter integration period is desired, another reset period can be inserted 
10 as shown in Figure 4. The hard-soft reset is initiated again at time A', effectively 
shortening the integration period. The pixel values are measured at time F and I or K if 
the is design to measure the reset value at the beginning the next frame (or C or E if the 
process is designed to measure the reset value at the beginning of an integration period), 
as before. 

15 In a typical imager, a number of pixels are arranged in row and columns. For 

example, in a VGA imager, over 300,000 pixels are arranged in approximately 480 rows 
and 640 columns. Typically, a signal processing circuit that includes a double sampling 
circuit is provided for each column. The timing of signals for different rows is typically 
staggered in order to share the processing circuits among the pixels in a column. 

20 For example, if one of the rows is provided with voltage timing diagram, as 

shown in Figure 4, the next row downstream receives a copy of the same signal shifted by 
a fixed amount of time T R0W referred to as 'row time'. Each adjacent row's timing is 

shifted by T ROW . - 

There are several options with respect to the electrical connection of the reset 
25 node 29 to the reset voltage generator 290 among pixels in the imaging array. One option 
is to tie together all the reset nodes row-wise. In other words, all the reset nodes 29 in a 
row are electrically connected together and there is only a single connection per row to 
the reset voltage generator 290. The voltage signal as shown in Figure 3 or 4 is applied to 
each row. 
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Another option is to electrically connect the reset node 29 of all pixels together. 
In this case, the voltage waveform V 29 (t) from the reset voltage generator 290, as shown 

in Figure 5, is applied to all pixels simultaneously. In other words, all the reset nodes 29 
in- the imaging array are electrically connected together and there is only a single 
5 connection to the reset voltage generator 290. The voltage is V 29 (t) dips to V^set at 
period of the row time T ROW in order to provide hard reset at the beginning of the reset for 
every row. 

A third option is to tie the reset nodes column-wise, and apply the same voltage 
waveform V 29 (t) from the reset voltage generator 290, as shown in Figure 5. In other 

10 words, all the reset nodes 29 in a column are electrically connected together and there is 
only a single connection per column to the reset voltage generator 290. 

Referring to Figure 6, the operation of pixel 50 of another embodiment according 
to the concepts of the present invention is described. This embodiment of the present 
invention is identical in operation to the embodiment described above with respect to 

15 Figure 2, but the drain of the reset transistor 19 is electrically separated from the drain of 
the source-follower transistor 15 and connected directly to the reset voltage generator 290 
through the reset node 29, as shown in Figure 6. 

In this embodiment, the drain of the source-follower transistor 15 is directly 
connected to the power supply voltage, typically V DD , while reset node 29 (connected to 

20 the drain of the reset transistor 19) is operatively connected to the reset voltage generator 
290 and receives the voltage signal waveform shown in Figures 3, 4, or 5 depending on 
the configuration. The. separation of drain of transistors 15 and 19 reduces possible 
feedthrough effects from the drain of the transistor 15 to the sense node 27. Each of the 
reset nodes 29 of the pixels in the imaging array can be tied together, tied together row- 

25 wise, or tied together column-wise, as described above. 

A further embodiment of the concepts of the present invention applies the 
principle of a hard reset followed by a soft reset to the column line. This embodiment, as 
illustrated in Figure 7, includes- a pixel 40" similar to the pixel illustrated in Figure- 2. 
However, any activerpixel design can be employed. 
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A transistor 225 replaces the column current source of prior art imagers. Before 
each measurement of the reset value and the integrated value, for example at times F and 
K respectively in Figure 4, the column line 23 is 'hard reset' to a predetermined voltage, 
preferably ground, by raising the voltage at the gate 215 of the transistor 225 by applying 

5 a bias voltage generated by the column reset voltage generator 2150. 

Upon completion of the hard reset, the gate 215 of the transistor 225 is lowered 
to, preferably, ground, by applying an appropriate voltage generated by the column reset 
voltage generator 2150, in order to turn transistor 225 OFF and the row select transistor 
17 is turned ON. This allows the column line 23 to be 4 soft reset' to *a voltage 

10 approximately equal to the sense node voltage V 21 minus the threshold voltage of the 

transistor 15. 

^23 ~ ^27 ~ ^77/15 

15 The column line voltages that are 'hard/soft reset' in this fashion are measured at 

two different times, for example F and K in Figure 4, in order to capture the values 
corresponding to reset and integration, and the differences between these two values are 
taken as an output. This output voltage is simply the difference between the sense node 
voltage V 21 at times F and K, because the threshold voltage V THl5 cancels out when the 

20 difference in the column line voltage V 23 at two different times is taken as the output. 

Figure 8 provides a flowchart illustrating the process described above with respect 
to Figure 7. As illustrated in Figure 8, at step SI, the present invention turns ON the 
column line transistor to bring the column line to a predetermined voltage level. In other 
words, step SI provides the first hard reset of the column line. At step S2, the present 

25 invention turns ON the row select transistor to bring column line up to the pixel voltage 
level. The bringing up of the column line voltage to the pixel voltage level is the first soft 
reset. Thereafter, the voltage V P1 on the column line is measured to capture the voltage 
value corresponding to reset. 
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At step S3, at the completion of the integration period, the present invention turns 
ON the column line transistor again to bring the column line to a predetermined voltage 
level. In other words, step S3 provides the second hard reset of the column line. At step 
S4, the present invention turns ON the row select transistor to bring column line up to the 
5 pixel voltage level. The bringing up of the column line voltage to the pixel voltage level 
is the second soft reset. Thereafter, the voltage V P2 on the column line is measured to 
capture the voltage value corresponding to integration. 

At Step S5, the differences between the reset voltage V P1 and the integration 
voltage V P2 is determined and received as the output voltage for that pixel. 

10 In summary, the present invention provides a hard reset and a soft reset of the 

column line prior to each column line reading to collect the reset and integrated voltages. 
It is noted that the order of the resets described above can be changed depending on the 
designed reading routine. More specifically, the integrated voltage could be read before 
the reset voltage and the difference taken to realize the pixel output. In this example, an 

15 integrated voltage is taken at the end of an integration period and the reset voltage is 
taken at the beginning of the next integration period to provide the two voltage values. 

Therefore, accurate measurements of the sense node voltages in response to 
incident light can be realized. Compared with the designs in Figure 1, 2, and 6 where the 
column line 23 is provided with a constant current source, this embodiment reduces 

20 power consumption because the transistor 225 is turned ON for only a short period of 
time. The other advantage is that the voltage drop between the sense node 27 -and the 
column line 23 is only V mx59 compared with V GS{5 +V DSll in imagers with a constant 

column current source. Such reduction in the voltage drop provides larger pixel voltage 

range improving the dynamic range and signal-to-noise ratio of the imager. 
25 It is noted that the above description relating to column line resetting is also 

applicable to row line resetting if the imager is configured to read out the data from the 

pixels in a row fashion as opposed to a column fashion. 

More specifically, the present invention, in this embodiment, turns ON the row 

line transistor- to bring the row line to a. predetermined, voltage level; turns ON a column 
30 select transistor associated with the pixel and. turning OFF row line- transistor to bring the 
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row line voltage up to a pixel voltage level; captures a first voltage value on the row line; 

turns ON the row line transistor to bring the row line to a predetermined voltage level; 

turns ON a column select transistor associated with the pixel and turning OFF row line 

transistor to bring the row line voltage up to a pixel voltage level; captures a second 
5 voltage value on the row line; and determines a difference between the first and second 

captured voltage values, the difference being the measured pixel voltage. 

In conclusion, the present invention provides hard and soft resets to provide 

accurate measurements of the pixel voltage as well as to reduce power consumption. The 

multiple resets improve the dynamic range and signal-to-noise ratio of the imager. Lastly, 
10 the present invention, as described above in its various embodiments, significantly 

reduces reset noise and substantially eliminates image lag. 

While various examples and embodiments of the present invention have been 

shown and described, it will be appreciated by those skilled in the art that the spirit and 

scope of the present invention are not limited to the specific description and drawings 
15 herein, but extend to various modifications and changes. 
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